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OUTLINE

1. Inclusive spectra of charge hadrons in p-p within
soft QCD model including gluon

2. Gluon distribution in proton
3. Modified un-integrated gluon distribution
4. CCFM-evolution and structure functions
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So, the inclusive spectrum 1s presented 1n the following form:

P[X=0,p|=pg[x=0, P | +py[x=0, .|

Herpp, = & :— ¢q;goq(0, pt) — Aqexp(—bqpt)
q [ ]
p, =gl % - o, Elqbg;cog((),pt) — /p. A.exp(—b_p,)

A,=11.91+0.39, bq= 7.294+0.11 g=21mb
A,=3.76+0.13 bg=3.5]ﬂ:0.02 A=0.12
V.A. Bednyakov, A.V. Grinyuk, G.L., M. Poghosyan, Int. J.JMod.Phys. A 27 (2012)

1250012. hep-ph/11040532 (2011); hep-ph/1109.1469 (2011); Nucl.Phys. B 219 (2011)
225.
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One-Pomeron exchange (left) and the cut one-Pomeron
exchange (right); P-proton, g-gluon, h-hadron produced in PP
In the light cone dynamics the proton has a general decomposition:

\uud> S.J.Brodsky, C.Peterson, N.Sakali,
’ " Phys.Rev. D 23 (1981) 2745.
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P(X’pht):F(X+ ’pht)F(X— ’pht)

Here -
F(x+’pht) - Idxljdzkltflq (xl ey )G(? :x+ P ~ ki E
[ X1
where
GZ(Z,kt)ZZDZ(z,kt) f,=gUlpP,_ -

where Pg_ aq 1s the splitting function of a gluon to the
quark-antiquark pair

A.A.Grinyuk, A.V Lipatov, G.L., N/P/Zotov, Phys.Rev. D87,
074017 (2013).




R: (x| k2 exp(—Rg(x)kf)

where R =C,(x/x,)** , C,=1/GeV

K.Golec-Biernat & M.Wuesthoft, Phys.Rev. D60, 114023
(1999); Phys.Rev. D59, 014017 (199 )

H.Jung, hep-ph/0411287, Proc. DIS2004 Strbske Pleco,
Slovakia
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xg(xk,.Qy) =C,C5(1—x)"R2(x|k2+C,
exp —Ro(x)kt—d(RO(x)kt)3) ]

where C0=360/(4T[2 aS(Qg))

R

The coefficient C, isfound from the relation

2

2 QO 2 2 2
xg(x.0;) = [xg(x.k.O; )dk,

: . 0
A.Grinyuk, H.Jung, G.L., A.Lipatov, N.Zotov, hep-ph/1203.0939; Proc.MPI-11,
DESY, Hamburg, 2012.

Atk —>0 our UGD goes to zero as kta where g <1

It has been confirmed by B.I.Ermolaev, V.Greco, S.I.Troyan,
Eur.Phys.J. C 72 (2012) 1253; hep-ph/1112.1854.

DESY, March 2014




1 : . : | .
Modified u.g.d.
Original GBW u.g.d. --------

= 0.1 |

> -

S
Q
=)
g
<
2= :

2 0.01 :

0.001 L 1 ] A ,

ki, [GeV/c]

Green line is the GBW u.g.d. K. Golec-Biernat & M. Wuesthoff, Phys.Rev.D60,
114023 (1999).Red line is the modified u.g.d. A.Grinyuk, H.Jung, G.L.,
A.Lipatov, N.Zotov, hep-ph/1203.0939; Proc.MPI-11, DESY, Hamburg, 2012;
A.A.Grinyuk, A.V.Lipatov, G.L., N.P.Zotov, Phys.Rev. D87, 074017 (2013);
hep-ph/1301.4545.
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CCFM evolution equation

2 =2 (0] 2 2 —2 2, d d Y\
ki oq?) = £k 0B (7. 0) + 5 Ty

O\lg—zqg)A(g°,q°)P. z,q° k Kk .q°
(7 —zqg)a (g°.q°) P, (=z.q )fg% q@

Here k, =q(1-z)/z+k, and the Sudakov form factor A (¢’.q)

describes the probability of no radiation between ¢, and ¢,
P is the splitting function, ... is the gluon density.

The first term means the contribution of non resolvable

branchings between the starting scale 9 and the

factorization scale ¢ .

A.V.Lipatov, G.L., N.P.Zotov, hep-ph/1310.7893.
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Gluon distribution as a function of 4, at x=10"
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The solid curves correspond to the CCFM-evolved gluon density,

the dashed lines mean the contribution of initial our gluon distribution; the
dash-dotted and dotted curves correspond to the CCFM-evolved GBW
gluon density and the pure (non-evolved) GBW one, respectively.

A.V Lipatov, G.L., N.P.Zotov, PRD 89, 014001 (2014); hep-ph/1301.4545.
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Longitudinal structure function
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The solid lines correspond to the proposed CCFM — evolved TMD gluon
density; the dashed curves mean the contribution from the our non evolved
gluon density; the dottet lines correspond to the CCFM-evolved GBW g.d.
For ZEUSQ' /5 is a constant for each bin, which corresponds to

y=0/xs =0.71 where Js =225 GeV.
A.VLipatov, G.L., N.PZotov, PRD 89, 014001 (2014); hep-ph/1301.4545.,
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Longitudinal structure function as a function of x
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The solid lines correspond to the proposed CCFM — evolved TMD gluon density; the
dashed curves mean the contribution from the our non evolved
gluon density; the dottet lines correspond to the CCFM-evolved GBW g.d

A.V.Lipatov, G.L., N.P.Zotov, PRD 89, 014001 (2014); hep-ph/1301.4545.
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SUMMARY

1.The TMD gluon density is proposed at initial Q' =1(GeV /c¢)’
and their parameters are verified by the description of the LHC data on the

hadron spectra in the soft kinematical region.

2. The CCFM evolution equation was solved using the proposed TMD g.d. at
starting Q 02 :

3. The CCFM-evolved u.g.d. results in a satisfactory description of the HI and

ZEUS data on the longitudinal structure function . ( X,QZ ) .

4. The proposed u.g.d. is different from the GBW one at k&, <1GeV /¢ and at
any Q2 values by a factor of one order.

5. The link between soft processes at the LHC and small x-physics at HERA ,
pointed early for small Q° ,is confirmed and extended to a wide
kinematical region .

6.The proposed TMD gluon density as well as the GBW one 1s due to the
saturation of the gluon density at small O, scale of which can be verified

by the description of both the LHC soft data and the HERA low-x data.
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New ugd combined GLLZ ugd and Kovchegov ugd
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Photo-production cross section

dZ d2kt part ’kf F(Z’kf)

Here F(zk?) is the un-integrated parton density function,
O | X/2,k?| is the partonic cross section.

Classification scheme:
XF (x,k?| isused by BFKL

xA(x,ktZ ,(_22) describes the CCFM type UGD with an

additional factorization scale (such as O(S(C_QZ)Sl )
xG(x,kf ) describes the DGLAP type UGD




X

Flx0)= [T [de 3 eC: .0 m k=),
Q2

@x. k) =xg(x,k?), xg(x,0%)=xg(x,0)+ I d’q (x, k)

o o

/_M;
)

A.V.Kotikov, A.V. Lipatov, N.P. Zotov, Eur.Phys.J., C27 92003)219.
H. Jung, A.V.Kotikov, A.V. Lipatov, N.P. Zotov, DIS 2007, hep-ph/07063793.
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Effective dipole cross section
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Effective dipole cross section
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Inclusive hadron production in central
region and the AGK cancellation

According to the AGK, the n-Pomeron contributions to the inclusive hadron spectrum at
y=0 are cancelled and only the one-Pomeron contributes. This was proved
asymptotically, i.e., at very high energies.

Using this AGK we estimate the inclusive spectrum of the charged hadrons produced in

p-p at y=0 as a function of the transverse momentum including the quark and gluon
components in the proton.

Pq(x = 0,p¢) = ¢q(0,p:) Z no,(s) = gs“¢p,(0,p,)
n=1

pg(x: 0’pt):¢g(0’pt) 2. In—1lao [s|=

n=2

0,(0.p,)g5"~0,,
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Inclusive hadron production in central
region and the AGK cancellation

According to the AGK, the n-Pomeron contributions to the inclusive hadron spectrum at
y=0 are cancelled and only the one-Pomeron contributes. This was proved
asymptotically, i.e., at very high energies.

Using this AGK we estimate the inclusive spectrum of the charged hadrons produced in

p-p at y=0 as a function of the transverse momentum including the quark and gluon
components in the proton.

Pq(x = 0,p¢) = ¢q(0,p:) Z no,(s) = gs“¢p,(0,p,)
n=1
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Effective dipole cross section
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K. Golec-Biernat, M Wuesthoff , Phys.Rev. D60, 114023 (1999);
D59, 014017 (1998)
Saturation dynamics
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Effective dipole cross section
and unintegrated gluon distribution
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Here (X is the QCD running constant, J is the Bessel
function of the zero order.
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Structure of an event

< Multiple parton-parton interactions
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